Ca2+ activation of smooth muscle contraction: evidence for the involvement of calmodulin that is bound to the triton insoluble fraction even in the absence of Ca2+.
Smooth muscle contraction is activated by phosphorylation of the 20-kDa light chains of myosin catalyzed by Ca(2+)/calmodulin (CaM)-dependent myosin light chain kinase (MLCK). According to popular current theory, the CaM involved in MLCK regulation is Ca(2+)-free and dissociated from the kinase at resting cytosolic free Ca(2+) concentration ([Ca(2+)](i)). An increase in [Ca(2+)](i) saturates the four Ca(2+)-binding sites of CaM, which then binds to and activates actin-bound MLCK. The results of this study indicate that this theory requires revision. Sufficient CaM was retained after skinning (demembranation) of rat tail arterial smooth muscle in the presence of EGTA to support Ca(2+)-evoked contraction, as observed previously with other smooth muscle tissues. This tightly bound CaM was released by the CaM antagonist trifluoperazine (TFP) in the presence of Ca(2+). Following removal of the (Ca(2+))(4)-CaM-TFP(2) complex, Ca(2+) no longer induced contraction. The addition of exogenous CaM to TFP-treated tissue at a [Ca(2+)] subthreshold for contraction or even in the absence of Ca(2+) (presence of 5 mm EGTA), followed by washout of unbound CaM, restored Ca(2+)-induced contraction; this required MLCK activation, since it was blocked by the MLCK inhibitor ML-9. The data suggest, therefore, that a specific pool of cellular CaM, tightly bound to myofilaments at resting [Ca(2+)](i), or even in the absence of Ca(2+), is responsible for activation of contraction following a local increase in [Ca(2+)]. This mechanism would allow for localized changes in [Ca(2+)] in regions of the cell distant from the myofilaments to regulate distinct Ca(2+)-dependent processes without triggering a contractile response. Immobilized CaM, therefore, resembles troponin C, the Ca(2+)-binding regulatory protein of striated muscle, which is also bound to the thin filament in a Ca(2+)-independent manner.